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Executive Summary
Review:  Status and Markets for Solar Thermal Power Systems

1.  Background

This document provides a high-level technical status review of the three main technology
paths being pursued by DOE in the field of concentrating solar power.

In early 1999 the reviewer undertook a review of the solar dish/Stirling technology and
associated markets which resulted in a report issued in mid-1999 summarizing findings and
recommendations1.  The following report is a follow on to the activities undertaken in 1999
with a focus on parabolic trough and central receiver (“power tower”) technologies.  The
specific objectives of the study were to:

• Assess the current technology status of the technologies

• Comment on the technical/cost targets which must be met in the different market
segments of interest

• Identify technology and market barriers and issues

• Provide recommendations on addressing barriers and issues

The review was done over two-month period ending on December 31, 2000.   The process
included a review of publicly available documents identified by DOE, interviews with major
participants in the field, and judgements made by ADL based upon relevant experience.

The summary comments below are divided into two broad sections - those pertaining to the
parabolic trough and central receiver technologies and those pertaining to the solar
dish/Stirling option.   Comments on the latter option represent a limited review on
observations made in the aforementioned 1999 report on this technology path.

2.  Summary Observations:  Solar Trough/Central Receiver Technologies

2.1  Market Segments

Both technology options will, in most cases, compete with bulk power at the transmission line
level of the electric utility infrastructure.  As such, these technologies do not have the
potential economic benefits of "distributed generation" which might be associated such
technologies as  building sited photovoltaics or fuel cells.  Reasons for this observation
include:

                                                
1 Review:  Status and Markets for Solar Dish Power Systems, June, 1999.  Prepared for National Renewable
Energy Laboratory, Golden, Colorado.
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• The current strategy centers on large systems (at least 50MW for commercial-scale plants)
which are too large for most distributed loads;

• The land area requirements are too large for siting systems near individual loads
associated with commercial or industrial activities;

• Both the gas loads (if co-firing) and electric loads are those associated with the
transmission part of the electric/gas infrastructures (as compared to the local distribution
functions).

The above characteristics indicate that these technologies will have to compete with both
electricity and gas at their bulk purchase rates, which will place stringent requirements on
system level capital and O&M costs to be economically competitive.

2.2  Technology Status

Experience over the last decade has greatly reduced the technical risks associated with both
these technology options.  Specifically:

• As implemented to date, both options utilize relatively conventional steam power plant
technology as the means for converting solar derived thermal energy into electricity.
Advanced versions of the central receiver might use Brayton cycle technology.

• Over 300MW of solar trough technology has been operating at the Cramer Junction site in
California for periods of time ranging from 10 to 15 years.  The equipment has had the
“usual” design related problems associated with a new technology subjected to severe
environmental conditions (broken receiver tubes, mirror damage, etc.)  These problems
have been systematically addressed over the last decade.  Most of this equipment is still
being operated with increasing levels of reliability and decreasing O&M costs.  This solar
capacity produces electric power which is fed into the California grid on a daily basis.
Experiences with these plants verifies the potential for this technology path (i.e., parabolic
troughs) to achieve technical performance characteristics consistent with potential
commercial viability.

• Two experimental field systems based on the central receiver concept have been operated
in the United States - Solar 1 (10 MW) between 1982-1988 and Solar 2 (also 10 MW)
between 1996 and 1999.   Solar 1 operated for over 10,000 hours while Solar 2 operated
for about 2,000 hours; a combination of technical problems with the new (molten salt-
based) receiver design, operational issues, and program resource limited the run-time of
Solar 2.  Most importantly for both systems the heliostat fields have operated for many
years (both experimental units used the same heliostats) with a level of “engineering
problems” expected of new technology (i.e., not fundamental) and have verified the core
assumption of the technical strategy,  i.e., the ability of heliostats to reliably focus energy
on a central receiver under severe environmental conditions.
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The above observations indicate that the two concentrating solar power (CSP) programs have
achieved an important major objective relative to demonstrating technical feasibility of CSP
technology. Specifically, both strategies for generating heat from solar energy for use in
power plants have reasonably well demonstrated that they can function at scales approaching
those of practical commercial interest, reducing the technical risks of scale-up, particularly for
the solar trough technology.

2.3. Cost Issues and Uncertainties

The review documents do not make a strong case that the cost of the technologies
(particularly the solar fields) can be reduced to the point that they approach economic
viability, absent large subsidies or dramatic increases in the price of natural gas.

The single most important cost elements for both technologies are those associated with the
concentrator optics and associated means of absorbing concentrated solar energy and
converting it into useful heat.  For both technologies, these costs currently range from
$200/m2 to $260/m2 based on current (and proven) design of major subsystems.  This cost
level is too high to lead to widespread use of the technologies.  The review documents assert
that these costs can be dramatically reduced (by roughly 50%) by some combination of:

• Larger production volumes, reducing per-unit costs;

• "Learning Curve" experience resulting from increased production;

• Improvement in the basic subsystem designs - for example, lighter weight structures, less
expensive mirrors made from alternative materials, and lower cost tracking.

The "learning curve" arguments put forth lack sufficient backup to be credible given the fact
that the materials of construction are already commodities and the fabrication techniques, for
the most part, standard.  Clearly some "learning curve" based cost reductions would be
expected but unlikely at the level put forth in the review documents. Of particular importance
are issues on how “learning curve” cost reductions would be distributed across the value chain
(materials, factory fabrication, site fabrication, site preparation, installation) and what base of
experience suggests the magnitude of such cost reductions.

The improvements in the basic subsystem designs are not well described based on engineering
principles - for example, do assertions of lighter weight support structures imply that current
designs are over-designed to withstand the design wind loads?  Other examples might include
what level of solar field savings would be expected from direct steam generation in solar
troughs and why, or, better quantification of savings potential from alternative reflector
surfaces.

The level of cost reduction which can be achieved while still maintaining needed performance
and reliability stands as the central issue associated with assessing the commercial potential of
the solar trough and central receiver technologies.  Notwithstanding the above discussion, the
reviewer believes substantial (to be quantified) reductions in cost are likely via a combination
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of “learning curve” and technology refinements.  In both cases, a more transparent and
disciplined approach will be needed to identify and develop the strategies leading to cost
reduction and to quantify their probable impacts, in a format convincing to both private sector
and government investors in the technology.

2.4. Economic Performance

The economics of CSP could approach economic viability in many regions assuming long
term natural gas prices level out at above $5/MMBtu (still below recent, late 2000, prices) and
modest reductions in capital costs of solar fields from current levels.

The review of economic performance based on the review documents provided is complicated
by the large number of system architectures under consideration having different levels of gas
co-firing, use of thermal storage, financial structures, and operational strategies.  In some
cases the underlying economics of the solar systems’ contribution is obscured by the
dominance of the non-solar contribution (i.e. gas firing) to the average generation costs.

In the current system architectures, the solar field/receivers deliver thermal energy to a steam
power plant - possibly in parallel with natural gas or some other fuel.  At the most basic level
the economics of the solar contribution can be measured by the cost of this delivered thermal
energy and how it compares with those conventional fuel alternatives.  The cost of thermal
energy delivered based on current field/receiver costs ($200/m2 +) is in the range of
$8/MMBtu to $12/MMBtu which is non-competitive absent significant subsidies.  However,
with modest solar field cost reductions, costs might approach a  $5/MMBtu to $8/MMBtu
range which would approach economic competitiveness with natural gas based on late year
2000 natural gas prices in the United States.  If verified, this cost of delivered thermal energy
could be highly competitive within the context of a changing energy supply/cost environment:

• The cost of solar delivered energy could be delivered via long-term contracts without the
risks inherent in doing so with fossil fuels.  Such contracts could assist electricity
suppliers to mitigate fuel cost risks and demand some level of premium pricing.

• Solar delivered thermal energy would benefit from multiple state/federal incentive
programs which further reduces its cost (the baseline analysis does not take these
incentives into account).

• The use of solar delivered thermal energy by power plants reduces financial and public
image risks associated with growing concerns over the increased use of fossil fuels
(climate change, etc.).  As a result, the “green image” derived by plant owners from by
using solar as part of the input has increasing value to large corporations.

Solar field cost reductions of 20% - 40% from current levels have a reasonably high level of
probability of being achieved.  The above discussion suggests that so doing could make CSP
an exciting prospect for large-scale implementation.
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It should be noted, however, that the same analyses done a year ago (i.e. 1999) would have
concluded that the CSP option was far from economical even with substantial cost
reductions!!   This points out the overriding importance of the assumed costs going forward of
natural gas (and other fuels) and how this cost will vary by region of the world.

2.5. Operations and Maintenance (O&M) Costs

Any changes in the design of the solar field to reduce capital costs must be consistent with
further reductions in O&M costs (certainly no higher).

Operations and Maintenance costs have been and continue to be large concerns for all CSP
technologies, given the large areas of high precision equipment subjected to severe
environmental conditions (wind, dust, hail, etc).  O&M costs are divided into three main
categories:

• Cleaning of the critical reflective surfaces

• Replacement of broken parts

• Management of the plants and processes

Over the past decade, system operators have realized significant improvements in the O&M
cost structure of CSP technologies most notably that of the parabolic trough systems where
over a decade of experience has reduced the O&M by a factor of two to three.  The solar field
O&M costs are currently $13 - $18 per m2 per year which translates into roughly $3/MMBtu
to $5/MMBtu of delivered thermal energy (~ $0.04/kW-h with the power system architecture
used).  The cost structure is divided approximately evenly among the main O&M cost
elements listed above.

Structured analyses of the primary elements of O&M cost structure indicate that further
reductions of solar field O&M costs to the $5 to $9 per m2 per year range can be expected
with reasonable confidence assuming any design changes to reduce capital costs do not
significantly impact on the "cleanablity" of the critical reflective surfaces or the breakage rate
of subsystems (reflectors, receiver tubes, etc).

So doing would reduce the O&M cost portion of delivering thermal energy to under
$1.50/MMBtu (under $0.02/kW-h in the power plant).  Achievement of the lower O&M
figures will be critical to overall economic viability.

2.6. Conclusions/Recommendations

As a result of over twenty years of government and industry support, CSP technology has
demonstrated its technical potential to reliably deliver solar derived heat to conventional
steam power plants even when operating under severe environmental conditions.  The key
issue issues are converging to:
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• The ability to significantly reduce the cost of the solar collector/receiver subsystems from
those associated with the current field systems without compromising efficiency,
reliability, and O&M requirements;

• The projections for the longer term cost of natural gas in the United States and other
regions considering CSP.

Based on late year 2000 natural gas prices (in excess of $6/MMBtu), CSP show potential for
delivering thermal energy to power plants at costs which, at least, approach those of natural
gas.  Other factors such as environmental benefits, energy security, and long-term price
stability would add further to the interest in such an option and enhance the possibilities for
larger-scale use.

To date, the ability to achieve the needed cost reductions has not been well positioned in the
review documents, nor supported by engineering based analyses and verified by appropriate
testing.  Clearly articulating a detailed and plausible research, development and deployment
path towards attaining the targeted cost reductions would significantly increase the interest in
CSP technology options in both the energy industry and the investment community and help
ensure that CSP becomes one of the options for addressing future energy needs.  As such, any
program going forward must focus on establishing the cost reduction potential to the
satisfaction of potential investors in the technology and the overall energy community
(including political) which must be convinced that CSP has the potential to be more than an
engineering success.

3.0 Solar Dish Systems

The technology and market issues for solar dish/Stirling engine based CSP systems were
reviewed in a report provided to NREL in mid-1999, Review: Status and Markets for Solar
Dish Power Systems.  The following is a very brief summary of some of the important
observations from that report and, as appropriate, a comparison of the solar dish technology
option with the trough and central receiver technologies which was the focus of this work.

Technology Description:

The solar dish system utilizes a solar concentrator (roughly 11 m in diameter) to focus solar
energy on the heater head of a Stirling engine for the production of power – about 25kW
under rated conditions.  The solar concentrator requires technologies which are similar to that
used in the heliostats of the central receiver options, i.e., two axis tracking of precise reflector
surfaces with sufficient rigidity to withstand design wind loads.  As such the cost of the solar
dish concentrators should be similar (perhaps 10 to 15% higher due to more complex
geometries) to heliostats assuming similar production volumes and installation procedures.

As indicated above, the current dish concentrator systems utilize a kinematic Stirling engine
to convert heat into electric power.  Such engines have several highly desirable characteristics
in this application including high efficiency and potential for low cost at moderate production
levels.  The primary drawback to date is that the Stirling technology has not demonstrated the
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required life and reliability characteristics for use in commercial systems.  For example, the
longest operating time for single engines is on the order of 7,000 hours which is about 2 to 3
years of solar operation.  Significant progress is being made in improving (and verifying)
Stirling engine life/reliability characteristics which, if successful, will make the prospect for
the solar dish/Stirling engine option similar to that of the other CSP options.

Market Characteristics:

In principle, solar dish/Stirling systems could be implemented one module at a time or in
multiples to achieve any power level – for example, one system would provide 25kW peak
while a cluster of 10 modules could provide 250 kW peak.  This is in contrast to either the
central receiver or parabolic toughs which in current configurations are targeting application
with capacities in excess of 30MW.  The dish systems could, therefore, address many of the
high value distributed power markets in both developed and developing countries which are
now the focus of the PV industry.  There are several questions, however, that have been raised
relative to the practical ability of solar dish/Stirling systems to cost effectively address
disperse loads:

 The marketing, transportation, and installation of solar dish systems will be high when
undertaken in small numbers in remote locations and require an appropriate infrastructure
to do effectively.

 The systems are operationally complex (compared to PV) and would require a highly
trained infrastructure of O&M staff to attain the required reliability for operation in
remote areas.  Implementing such an O&M infrastructure for dispersed system will be
costly – at least in the early years.

Due to the above factor, the developers of the solar dish/Stirling engine systems are directing
most of their attention to larger multi-megawatt installations (hundreds or thousands of
modules) in order to gain the same manufacturing, installation, and O&M economies of scale
as the trough and central receiver options.

Special Characteristics:

As indicated above, the solar dish/Stirling engine approach to CSP would have similar
economics as the other two strategies (assuming successful commercialization of the Stirling
engine) and, currently are addressing similar markets.  The primary technical difference is that
the trough/central receiver systems use conventional technology for converting solar heat into
power thereby avoiding a significant element of technology risk.

A practical advantage of the solar dish/Stirling engine option is, however, the potential to
install systems incrementally over time – even when implementing large projects.  For
example, a twelve megawatt project (480 modules) could be implemented over a period of
one year (40 modules per month) with power generation (and income) starting after one
month or less.  So doing reduces project technology risk, results in near term income, and
reduces the interest during construction element of project financing.



x

The ability to implement large projects on an incremental basis provides the solar dish/Stirling
engine approach to SCP with interesting differentiation from the tough/central receiver system
architectures which are not conducive to such a strategy.
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Objectives

Provide an independent overview of the current status and
commercialization issues of concentrating solar power technologies.
◆ Address at a “high level” three CSP technologies:

➤ Trough Electric
➤ Central Receiver (“power tower”)
➤ Dish/Stirling*

◆ Assess the current technology status and market potential in U.S. and
internationally.

◆ Identify technology and market barriers - recommend strategies for addressing
barriers

*This presentation primarily addresses trough and central receiver technology. The status/issues
associated with Dish/Stirling were reported in a June 1999 report submitted to NREL “Review:
Status and Markets for solar Dish Powre Systems, Arthur D. Little, Inc., June, 1999”
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Process

The review was done over an eight week process (from
November/December, 2000).

◆ Review of literature (25 + documents) pertaining to the solar power
technologies under consideration

◆ Interview (15) with experts at Sandia, NREL, DOE, ad industrial organizations
involved in the development process

◆ Visit to Sandia Laboratories for a mid-term review and discussion of issues

Information from the above was synthesized with extensive ADL
information and database pertaining to solar technologies and markets.

PT/db/sandia/73187/5-01 4
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Siting Considerations
◆ The reflective concentrator elements of CSP systems are ground mounted

and have high visual impacts - a characteristic shared by most other
tracking systems including those using photovoltaics

◆ The high profile and substantial land area requirements of the CSP
systems places constraint on where such systems can be sited and will
significantly impact market potential (even aside from economics) in some
applications (on-site power for commercial buildings, substation support in
urban/suburban areas, etc.) where land area availability and aesthetics
are important issues

Market Segments/Requirements    Siting Issues

PT/db/sandia/73187/5-01 6

Solar Availability
◆ CSP utilize only the direct component of solar radiation (common to all

concentrator systems)
◆ In arid sunny regions (Phoenix) direct radiation represents 76% of total

while in many humid (but high overall solar regions such as Miami) the
direct radiation often reduces to 65-70% of total

◆ This characteristic results in CSP systems having target markets focussed
on sunny (relatively dry) regions - primarily the southwest in the United
States (and similar areas in LDC’s - for example Mexico, North Africa, etc.)

◆ The geographical target areas tend to be more limited than for flat plate
PV which utilizes total solar radiation (i.e., not just direct)

However
◆ The areas most suitable for CSP systems are among the fastest growing

in the country (and the world) and would provide potentially large, high
impact, markets for decades to come if the technology meets cost/
performance requirements

Market Segments/Requirements    Solar Availability
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The market segments for CSP systems can be roughly divided between
grid connected and non-grid connected:

Market Segments/Requirements    Market Segment Identification

ApplicationApplication

Commercial/Industrial Buildings (site
based)

Substation Support

Central

Typical Capacity RangeTypical Capacity Range

25 kW - 1,000 kW

1,000 kW - 5,000 kW

30 MW+

Conventional AlternativesConventional Alternatives

Grid Power
(at retail)

Grid Power
(at substation)

Busbar Power

Grid Connected

ApplicationApplication

Water Pumping:  (irrigation)

Rural Electrification

◆ Special Functions
◆ Refrigeration
◆ Desalination

Typical Capacity RangeTypical Capacity Range

5 kW -200 kW

5 kW - 500 kW

5kW - 200 kW

Conventional AlternativesConventional Alternatives

◆ Diesel engines
◆ Gasoline engines
◆ Grid extension
◆ Diesel generators
◆ Grid extensions

◆ Diesel engines
◆ Grid extensions

Non Grid Connected (primarily developing country)

PT/db/sandia/73187/5-01 8

With the current development strategy, both solar trough and central receiver
technology will be competing with bulk power and natural gas at the
transmission line level:
◆ The current SEGS systems were installed 50 MW  blocks
◆ The review documents all refer to even larger systems (both trough and central

receiver) as do the projects under consideration worldwide
◆ In the U.S. such systems would need to be located in favorable solar areas of the

southwest in relatively remote locations (due to large requirements for low cost
land)

◆ Connection with low-cost gas supplies and electrical interconnect for such blocks of
power would be at the transmission line level where the basis of competition is bulk
power and transmission level gas prices (as compared to prices with local
distribution systems)

◆ In their current form, solar trough and central receiver technologies are not a
“distributed resource” which can be placed within a T&D system at locations
selected based on relieving T&D constraints on improving power quality (as might a
packaged gas turbine of similar capacity)

◆ This places large scale CSP technologies in direct economic competition with the
lowest cost supplies of electricity and natural gas

CSP Technologies: Markets/United States
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With the current technology strategy, both central receiver and solar trough
technologies will need to be part of the central grid in most LDC.

◆ One presumed advantage of solar power for use in LDC is that it can be placed
in remote locations thereby avoiding the high costs associated with serving
rural loads (a major strategy for the PV industry)

◆ This advantage is not likely to be associated with solar trough/central receiver
technologies in their current form:
➤ Most rural loads in LDC (villages, agriculture, etc.) are measured in 10’s and

100’s of kW (maybe low MW) so that the capacity of trough/central receiver
systems are far too high!

◆ As a practical matter, therefore, solar troughs in LDC will usually be competing
with central grid bulk power/fuel supplies similarly as in the U.S.

CSP Technologies: Markets/Developing Countries

PT/db/sandia/73187/5-01 10
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Assessing the economics of CSP technologies is complicated by number
of system architectures under consideration.
◆ The review documents describe a wide range of overall system architectures

integrating in various ways:
➤ Solar derived thermal energy
➤ Natural gas thermal energy
➤ Energy storage (thermal)
➤ Steam Power plants

◆ Depending on architecture details (for example, the percentage of energy
provided by solar), the overall system (conventional + solar) economics can
vary greatly

◆ The above factors tend to obscure the underlying economics of the solar
contribution

CSP:  Economics

PT/db/sandia/73187/5-01 12

The “cost” of solar thermal energy was used as a parameter to assess
economics:

◆ In most systems the concentrator/receiver field is providing heat energy to a
“conventional” steam power plant

◆ Most systems operate with a combination of solar and natural gas (or other
hydrocarbon) fuel input with the solar portion depending on overall design
strategy

◆ In most cases, the power plant could be operated with natural gas (or some
other fossil fuel) without solar - as such, one reasonable measure of solar
economics is how its cost of delivering thermal energy compares with natural
gas (i.e. they are competing fuel alternatives for the power plant)

CSP: Economics
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A simplified form of levelized “cost of energy” (COE) analyses was
undertaken to estimate the cost of delivered thermal energy from CSP
technologies.

◆ This report uses a simplified form of a levelized COE derived from EPRI TAG
methodologies

◆ CR is the “capital recovery factor” and takes into account such factors as interest on
dept, equipment depreciation, return on investment, insurance, and taxes

◆ Prior experience indicates the CR tends to fall in a range of 0.10 to 0.16 for well
established technologies where no special risk factors are involved

COE = + O&M CR x Capital Cost
Annual output (kWh)

CSP: Cost of Energy

CR = 0.10:  Might correspond to situations with concessionary financing
                   as exemplified by projects involving government and/or international

   donor participation

CR = 0.16:  Might correspond to more common commercial terms as
                   exemplified by private developers and merchant power plants

PT/db/sandia/73187/5-01 14

2 Market Segmentation/Requirements

3 Economic Assessment Approach

4

1 Objectives and Process

5 Central Receiver Systems

Parabolic Trough Systems

Table of Contents
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The potential for future cost reductions need to be verified:

◆ The “current” cost for the heliostat field is about 200/m2 - 260/m2

◆ This cost is consistent with that for other solar concentrator systems and recent
experience in mounting 1 X PV tracking systems.

◆ The review material indicated cost reductions to roughly half these levels
($100/m2 - $125/m2) - rationales cited (with limited support) include:

➤ Learning curve effects of increased production
➤ Lighter weight support structures
➤ Lower cost mirror assemblies
➤ Lower cost receiver tube assemblies

Parabolic Trough: Cost Structure

PT/db/sandia/73187/5-01 16

Parabolic Trough: Cost Structure

Reviewer observations on the status of cost reduction potential:

1. “Learning Curve” effects
➤ Most materials of construction already are commodities with limited room

for cost reduction absent major design changes (I.e. volume alone will have
limited impact)

2. Lighter weight support structures
➤ No data presented suggesting current structures are significantly over

designed given severe environmental conditions and rigidity requirements
3. Lower cost mirror assemblies

➤ To date, only silvered glass has demonstrated the combination of high
reflectivity, optical smoothness, cleanability, and durability needed for this
application.  All other options remain to be proven

◆ In summary, some level of cost reduction likely - the level of which cannot be
estimated with confidence absent a combination of technical/cost analyses and
experimental verification of specific designs
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A range of technical and financial parameters was utilized in the economic
analyses of parabolic trough systems.

Technical Parameters:
◆ Trough field efficiency (annual):

High = 50%
Low = 44%

Cost Parameters:
◆ Trough field capital cost:  $300/m2                    $100/m2

◆ O & M cost:   (% of capital investment per year)
High = 1%
Low = 0.5%

◆ Financial Parameters:
Conventional Financing:  CR = 0.16
Concessional Financing:  CR = 0.10

CR = Capital Recovery Factor

Parabolic Trough: Economics

PT/db/sandia/73187/5-01 18
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Insolation)

Solar Trough: Solar (No Parasitics), Natural Gas and Petroleum Energy Cost Comparison

Current
Range
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The cost of thermal energy from parabolic trough fields might “approach”
being economically attractive under some conditions.

◆ At current solar field costs (~$200-$250/m2), the COE with conventional
financing would be $8/MMBtu and $14/MMBtu which is considerably higher
than natural gas (on average)

◆ Solar field cost reductions to $130/m2  to $160/m2 combined with favorable
financing would reduce the COE to the $5/MMBtu to $7/MMBtu range which is
comparable to late year 2000 gas costs

◆ It should be emphasized, that 1 year ago (1999), the cost of gas was $2-
$3/MMBtu so that the economics of solar troughs have significantly improved
due to external factors

◆ A key issue is, therefore, what assumptions relative to natural gas costs should
be assumed in assessing economic potential!!!

Parabolic Trough: Economics
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A range of technical and financial parameters was utilized in the economic
analyses of the central receiver option.

Technical Parameters:
◆ Heliostat field efficiency (annual):

High = 45%
Low = 35%

Cost Parameters:
◆ Heliostat field capital cost:  $300/m2                    $100/m2

◆ Tower/Receiver costs:  $20/m2 of heliostat area
◆ O & M cost:    (% of capital investment per year)

High = 3%
Low = 1%

◆ Financial Parameters:
Conventional Financing:  CR = 0.16
Concessional Financing:  CR = 0.10

CR = Capital Recovery Factor

Central Receiver: Economics

PT/db/sandia/73187/5-01 22
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The cost of thermal energy from heliostat fields might “approach” being
economically attractive under some conditions.

◆ At current solar field costs (~$200-$250/m2), the COE with conventional
financing would be $10/MMBtu and $15/MMBtu which is considerably higher
than natural gas

◆ Solar field cost reductions to $160/m2 combined with favorable financing would
reduce the COE to about $5/MMBtu - $7/MMBtu which is comparable to late
year 2000 gas costs

◆ It should be emphasized, that 1 year ago (1999), the cost of gas was $2-
$3/MMBtu so that the economics of solar troughs have significantly improved
due to external factors

◆ A key issue is, therefore, what assumptions relative to natural gas costs should
be assumed in assessing economic potential!!!

Central Receiver: Economics
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APPENDIX A

PCAST Reference --

High Temperature Solar Thermal

Federal Energy Research and
Development for the Challenges of the

Twenty-First Century

Report of the Energy Research and Development
Panel by the President’s Committee of Advisors on

Science and Technology (PCAST)

November 5, 1997
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APPENDIX B

DOE/EPRI Technology
Characterization

DOE/Electric Power Research Institute Technology
Characterization
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